I N T R O D U C T I O N
Social interactions are at the core of our common everyday experience. Identifying other people based on their facial and bodily features and understanding their behaviors and intentions from their movements are highly complex yet mostly effortless tasks (Van Overwalle and Baetens 2009) . Within the human cortex several visual areas have been found to be selective for static depictions of human physical features. While the fusiform face area (FFA; Kanwisher et al. 1997; Puce et al. 1996) in the lateral fusiform gyrus and the occipital face area (OFA; Rossion et al. 2003) in the ventral occipital lobe encode visual aspects of human faces, the extrastriate body area (EBA; Downing et al. 2001) in the lateral occipitotemporal cortex and the fusiform body area (FBA; Peelen and Downing 2005) in the lateral fusiform gyrus encode whole bodies and body parts. Converging evidence from lesion and transcranial magnetic stimulation studies indicate that ventrotemporal and lateral occipitotemporal cortices are indeed causally associated with face and body discrimination (Barton 2003; Damasio et al. 1982; Moro et al. 2008; Pitcher et al. 2009; Steeves et al. 2009; Urgesi et al. 2007) .
One body part in particular, the hand, is of great significance in daily life. For example, while communicating, we use hands to emphasize our speech and to direct people's attention. Moreover, while learning how to use new tools, we closely observe how the model's hands manipulate the object. More crucially, in action execution, on-line visual control is applied to monitor and correct the direction of the hand, even when performing simple reach-to-grasp movements. Humans' outstanding manual dexterity is an important capability that sets humans apart from other species (Napier 1956 ). Considering the unique role played by the hand in our capacity to interact with the external world, the question arises as to whether the hand may be selectively represented in the human visual cortex.
Pioneering neurophysiological studies in the inferior temporal (IT) cortex of macaque monkeys (Desimone et al. 1984; Gross et al. 1969 ) have provided evidence for neurons selectively responding to the vision of the hand. In humans, evidence for hand-selective neural responses is limited, with studies mostly focusing on investigating the selectivity of assorted body parts or whole bodies rather than individual body parts (Peelen and Downing 2007) . Nonetheless, initial evidence for hand selectivity comes from functional magnetic resonance imaging (fMRI; Op de Beeck et al. 2010 ) and event-related potential (ERP; McCarthy et al. 1999 ) studies demonstrating higher responses to hands compared with that to torsos or faces in restricted parts of the human occipitotemporal cortex. Furthermore, it was shown that distributed fMRI response patterns in multiple regions of visual cortex discriminated between hands and torsos (Op de Beeck et al. 2010) . These results suggest the existence of hand-selective responses in human visual cortex, although further investigations that include additional body and nonbody control conditions are needed to strengthen the evidence for this hypothesis. Furthermore, it is unknown how putative hand-selective responses are related, both functionally and anatomically, to known bodyselective responses in EBA. Finally, response properties of a putative human hand-selective region remain largely unknown.
Here, we present two experiments providing evidence for hand-preferring fMRI responses in human visual cortex. In experiment 1 we measured fMRI responses to hands, whole bodies, assorted body parts, chairs, and handheld tools. This experiment allowed us to test for hand-preferring responses relative to both body and nonbody control conditions. It also allowed for a direct comparison of hand-preferring and known body-preferring responses in EBA. In experiment 2 we further investigated the functional profile of hand-and body-preferring regions by measuring responses to hands, fingers, feet, assorted body parts (arms, legs, torsos), and nonbiological handlike stimuli, such as robotic hands. In addition, this experiment tested for response selectivity to other non-hand body parts (feet, fingers).
M E T H O D S

Participants
Fifteen naive volunteers with no history of neurological diseases took part in experiment 1. Fourteen of the volunteers also took part in experiment 2. All subjects were right-handed as assessed by the Edinburgh Handedness Inventory (Oldfield 1971) . Due to excessive head motion one subject was excluded from the data analyses. Participants gave informed consent and the study was approved by the Ethical Committees of The School of Psychology and Sport Sciences of Northumbria University and Newcastle Magnetic Resonance Centre, School of Clinical Medical Sciences, University of Newcastleon-Tyne.
Material and apparatus
For each stimulus category we presented 65 different grayscale photographs on a white background. Stimulus presentation was controlled by a PC computer running Psychophysics Toolbox package (Brainard 1997) in Matlab (The MathWorks, Natick, MA). Pictures were projected (Canon Xeed SX6 projector) onto a screen located at the foot of the scanner bed and were viewed through a mirror mounted on the head coil.
Experimental design
Each experiment consisted of two runs lasting 7 min 14 s, corresponding to 217 functional volumes. Each functional run comprised 25 stimulus blocks and 6 fixation blocks. Each stimulus was presented only once within a run. Runs were organized into quasi-random sequences of five stimulus blocks (one for each stimulus category) followed by periods of fixation. In experiment 1 stimulus categories were: hands, whole bodies, body parts, tools, and chairs. In experiment 2 stimulus categories were: body parts, hands, fingers, feet, and robotic hands. Whole body stimuli did not have heads but they did have hands (this choice was made to keep the concept of whole body intact). Body-part stimuli did not include either feet or hands. Hand stimuli depicted both left and right hands in equal amounts and were captured in a resting position viewed from a third-person perspective. In only 4 of 65 pictures the hand posture could imply some sort of grasping pose. Robotic hands were recruited from Internet websites and only a subgroup showed grasping postures (18 of 65). Within each block, stimuli were presented for 800 ms, with a blank interstimulus interval (ISI) of 200 ms for a total block time of 14 s. Subjects were asked 1) to fixate toward the center of the screen during the whole scan and 2) to perform a one-back task by pressing a button with the index finger any time the same image was presented twice in a row (within each block one or two images were randomly repeated).
Imaging data acquisition
All images were acquired using a Phillips Achieva 3T scanner with a SENSE standard 8-channel birdcage head coil. The functional gradient-echo echoplanar T2*-weighted images (EPI) with BOLD (blood oxygenation level dependent) contrast were acquired using a repetition time (TR) of 2 s, echo time (TE) of 30 ms, film aperture (FA) of 90°, field of view (FOV) of 192, and a matrix size of 64 ϫ 64 pixels. Each functional image consisted of 30 axial slices (4 mm thickness with no gap), which covered the whole cerebral cortex. T1-weighted anatomical scans were collected using TR of 9.6, TE of 4.6, FA of 8°, FOV 256, and a matrix of 256 ϫ 208 pixels. We collected 180 slices of 1.0 mm thickness.
Imaging data: preprocessing and analysis
Imaging data for both experiments were analyzed using Brain Voyager QX (version 1.9; Brain Innovation, Maastricht, The Netherlands) using the following steps. Individual subject's imaging data underwent high-pass temporal frequency filtering to remove frequencies below three cycles per run, linear trend removal, three-dimensional motion correction, spatial smoothing (6 mm Gaussian kernel, for the group-average analysis only), and were transformed into Talairach stereotaxic space (Talairach and Tournoux 1988) . Functional volumes were then aligned to the anatomical volumes, thereby transforming the functional data into a common stereotaxic space across subjects.
Data were analyzed using a general linear model (GLM) and a random-effect GLM was used for the group-average analysis. The model included five experimental predictors (one for each stimulus category in each experiment) and six motion correction predictors (x, y, z for translation and for rotation). The periods of fixation (14 s) were used as baseline. The experimental predictors were modeled as a transient (14 s) epoch where the square-wave function was convolved with the default Brain Voyager QX "two-gamma" function designed to estimate the hemodynamic response.
In the averaged voxelwise group analysis, statistical activation maps were set to reliable threshold levels and cluster volumes (P Ͻ 0.005, minimum cluster size ϭ 27) using Monte Carlo simulations (performed using Brain Voyager QX) to verify that our regions of interest were unlikely to have arisen by chance as a consequence of multiple comparisons.
In single-subject analysis, activations were defined in each individual at a threshold of P Ͻ 0.05, Bonferroni corrected.
In experiment 1, for both the averaged voxelwise group analysis and the individual subject analysis we first identified the active brain areas with a given comparison of interest using odd runs only. Analyses on the percentage bold signal change (%BSC), which were performed on the individual subject data only, were extracted from the even runs only. The use of separate data sets to identify the statistical maps and to evaluate brain activity within them circumvents the problem of "circular analysis" (Kriegeskorte et al. 2009 ), where the independence of statistical tests for selective analysis is invalidated by the bias present in the comparisons used to select the areas (procedures also called "double dipping"). For each region of interest (ROI) we extracted the event-related time course from a 10 ϫ 10 ϫ 10 mm cube centered at peak activation and then we computed the %BSC for the peak response (by averaging 3 to 6 volumes after stimulus appearance). The exact number of volumes was chosen in consideration of the shape of the peak activation on the averaged data. %BSC was then analyzed by using repeated-measures ANOVAs and post hoc pairwise t-test comparisons (Šidák corrected).
The pattern of brain activity for the stimuli presented in experiment 2 was tested by localizing hand-selective voxels using odd and even runs of experiment 1 and extracting the %BSC by using a 10 ϫ 10 ϫ 10 mm cube centered at peak activation using odd and even runs from experiment 2. Data were then analyzed by averaging peak response (4 -8 volumes) and by using ANOVA statistics as before. With respect to experiment 1, although brain activations related to a given comparison of interest were localized by using odd runs only, the pattern of brain activity was analyzed using even runs.
R E S U L T S
Experiment 1
Experiment 1 of this fMRI study served to localize the selective neural substrate for visual coding of the human hand. In this experiment five different categories of visual stimuli were presented using a block design paradigm: whole bodies, body parts, human hands, tools, and chairs ( Fig. 1A and METHODS). We first compared whole bodies and body parts versus chairs, given that it is the typical contrast used to localize body-selective voxels in the extrastriate visual cortex (e.g., EBA and FBA; Peelen and Downing 2007) . To localize a selective neural response to hands, we similarly compared hands versus chairs. Figure 1B shows bilateral brain activations for both group average contrasts in the occipitotemporal cortex, demonstrating a large degree of overlap between regions activated in both contrasts: whole bodies and body parts versus chairs (body-preferring regions in EBA, depicted in orange) and hands versus chairs (hand-preferring regions, depicted in white; see also Table 1 for the Talairach coordinates of all activated areas). To investigate whether, despite a shared anatomical site, the hand-preferring regions and the bodypreferring regions in the lateral occipitotemporal cortices are functionally dissociated, we analyzed the pattern of brain activity using percentage of bold signal change (%BSC; see METHODS) extracted from these regions localized in individual subjects. Brain activity underwent a 2 ϫ 2 ϫ 5 repeatedmeasures ANOVA using Hemisphere (left and right), region of interest ROI (EBA, hand-preferring region) and Stimulus type (whole bodies, body parts, hands, tools, and chairs) as withinsubjects factors. ROIs were defined from independent data sets (see METHODS). Results revealed significant interactions for Hemisphere ϫ Stimulus type [F(4,52) ϭ 15.95, P Ͻ 0.0001] and for ROI ϫ Stimulus type [F(4,52) ϭ 24.97, P Ͻ 0.0001], suggesting that, despite an anatomical overlap, the different categories of stimuli activated each region of interest and the two hemispheres, to a different extent (Fig. 1, C-F) . Post hoc pairwise comparisons on the %BSC revealed that, whereas hand-responsive voxels elicited higher activity for the hand FIG. 1. Stimuli, averaged statistical maps and activation levels in experiment 1. A: exemplars of stimuli used in experiment 1: whole bodies, body parts, hands, tools, and chairs. B: group analysis results are shown in the right and left hemisphere of a single subject for the comparison of hands vs. chairs (H Ͼ C, shown in white) and for whole body and body parts vs. chairs (WB ϩ BP Ͼ C, shown in orange). C-F: average peak activity (percentage bold signal change [%BSC] ) for each stimulus category extracted from individual-subject brain areas functionally localized with the comparisons illustrated in B. Error bars represent SEs. G: group analysis results are shown in the right and left hemispheres of a single subject for the more selective comparison of hands vs. whole bodies, body parts, and chairs (H Ͼ WB ϩ BP ϩ C, shown in yellow) and for whole bodies and body parts vs. hands and chairs (WB ϩ BP Ͼ H ϩ C, shown in red). H-J: average peak activity (%BSC) for each stimulus category in the individual-subject brain areas localized with the comparisons illustrated in G. Error bars represent SEs. E and F] . Interestingly, although the response to tools was statistically indistinguishable from that to chairs (P Ͼ 0.05) within the body-preferring region, it was significantly higher than that to chairs within the hand-preferring region [t (13) ϭ 6.16, P Ͻ 0.0001]. In addition, we found a higher response to hand stimuli in the left hemisphere [hands Ͼ body parts, t (13) ϭ 3.65, P Ͻ 0.028; see Fig. 1 , C and E] and for body stimuli in the right hemisphere [whole bodies Ͼ hands, t (13) ϭ 6.79, P Ͻ 0.0001; see Fig. 1, D and F] . These analyses suggest that, despite an anatomical overlap between body-and hand-preferring regions, a different hemispheric lateralization as well as a distinctive pattern of activation to the different stimulus categories could be observed for the two regions (Fig. 1, C-F ).
Next, we tested whether body-responsive and hand-responsive voxels can be anatomically dissociated by adopting more selective contrasts. To this end, we localized body-preferring voxels by comparing whole bodies and body parts versus hands and chairs, and hand-preferring voxels by comparing hands versus whole bodies, body parts, and chairs. The first contrast gave significant body-preferring activation in the right and left lateral occipitotemporal cortex and in the left and right fusiform gyrus (see Talairach coordinates in Table 1 ; also see Fig.  1G ). The localization of the hand-preferring region in this analysis is now much more specific, with the contrast of hands versus whole bodies, body parts, and chairs showing a significant activation only in the left lateral occipitotemporal cortex (Talairach coordinates: x ϭ Ϫ46, y ϭ Ϫ65, z ϭ Ϫ1; see also Fig. 1G ). Furthermore, individual-subject analyses revealed that the hand-preferring region was evident in each participant (see Fig. 2 , depicted in yellow and Supplemental Table S1 ). Moreover, hand-and body-preferring activations in the lateral occipitotemporal cortices were segregated from each other, with the hand-preferring response localized significantly more anterior (t-test for the y Talairach coordinates: P ϭ 0.002) to the body-preferring response. Interestingly, the hand-preferring region was largely confined to an area along the left lateral occipital sulcus (Damasio 2005) . For convenience, in the remainder of this study, we will refer to this highly robust hand-preferring response in the left lateral occipital sulcus using its anatomical location (left LOS, Fig. 2 ). The use of an anatomical landmark to label a functional activation has been previously applied-the lateral occipital cortex (LOC) for shape recognition (see Malach et al. 1995) and the middle temporal gyrus (MTG) for tool representation (see Chao et al. 1999 )-and may also be appropriate here because functional characteristics of the region might change with future studies. Furthermore, this label is intended to describe rather than to identify a distinct functional brain area (see DISCUSSION) . Interestingly, contrary to EBA, the hand response in LOS appears to be mainly lateralized in the left hemisphere, with only 6 of 14 subjects showing bilateral hand-preferring activation.
To demonstrate how EBA and left LOS, as defined with the more selective contrasts, functionally differ from each other, single subjects' %BSC underwent a 3 ϫ 5 repeated-measures ANOVA using ROI (left-LOS, right-EBA, and left-EBA) and Stimulus type (whole bodies, body parts, hands, tools, and chairs) as within-subjects factors. The results revealed a main effect of Stimulus type [F(4,52) ϭ 48.9, P Ͻ 0.0001] and, importantly, a significant interaction of Stimulus type ϫ ROI [F(8,104 ) ϭ 16.6, P Ͻ 0.0001], demonstrating that the functional properties of these regions differ from each other (Fig. 1,  H-I) . Whereas left LOS elicited a significantly higher response to hands compared with that to whole bodies [t (13) ϭ 6.13, P Ͻ 0.0001], body parts [t (13) ϭ 6.62, P Ͻ 0.0001], tools [t (13) ϭ 7.06, P Ͻ 0.0001], and chairs [t (13) ϭ 11.22, P Ͻ 0.0001], without distinguishing between whole bodies, body parts, and tools, activation in the right EBA was higher for whole bodies and body parts compared with that for hands [t (13) ϭ 12.35, P Ͻ 0.0001; t (13) ϭ 4.38, P Ͻ 0.001, respectively], tools [t (13) ϭ 11.95, P Ͻ 0.0001; t (13) ϭ 6.76, P Ͻ 0.0001, respectively], and chairs [t (13) ϭ 12.26, P Ͻ 0.0001; t (13) ϭ 7.75, P Ͻ 0.0001, respectively]. In addition, and in line with previous findings (Taylor et al. 2007 ), whole bodies elicited higher activation than body parts in the right EBA [t (13) ϭ 3.65, P Ͻ 0.05]. Moreover, within right EBA, hands elicited a significantly higher response compared with nonbiological stimuli [tools: t (13) ϭ 5.10, P Ͻ 0.002; chairs: t (13) ϭ 5.33, P Ͻ 0.001]. Within left EBA, we found that hands, whole bodies, and body parts were statistically indistinguishable (P Ͼ 0.10) and showed similar significantly higher responses compared with the nonbiological stimuli represented by tools and chairs 1 The online version of this article contains supplemental data. (for all comparisons, P Ͻ 0.05). Overall, the above-cited results indicate that the functional profile of left LOS differs from that of EBA, with left LOS being selective for the visual processing of the human hand compared with the rest of the body. Furthermore, whereas tool stimuli activated left LOS significantly above baseline and significantly more than chairs [t (13) ϭ 6.56, P Ͻ 0.0001], both tools and chairs did not elicit any detectable activation in either right or left EBA (Fig. 1, H 
-J).
To confirm the hand versus nonhand body-part preference of left LOS, we computed the more direct and conservative comparison of hands versus body parts, both at group level and in individual subjects. In the group analysis, results revealed a hand-preferring activation in the left hemisphere only (x ϭ Ϫ43, y ϭ Ϫ65, z ϭ 3; see also Table 1 ), overlapping with the left LOS region defined with the contrast hands versus whole body, body parts, and chairs. The same comparison was applied to single subject's data and, as shown in (Supplemental Fig. 1SA and Supplemental Table S1 , the activated areas for hands versus body parts were localized in the left hemisphere in all participants (14/14 left hemisphere; 6/14 right hemisphere). Indeed, both contrasts (H Ͼ BP and H Ͼ WB ϩ BP ϩ C) activated highly similar regions, as indicated by nearly identical Talairach coordinates (Supplemental Table S1 ) that did not significantly differ (P Ͼ 0.34, for x, y, and z coordinates). Subsequently, the functional profile of the left LOS region defined by hands versus body parts was investigated. Single subjects' %BSC underwent a repeated-measures ANOVA using Stimulus type (whole bodies, body parts, hands, tools, and chairs) as within-subjects factor. The results (shown in Supplemental Fig. S1B ) revealed a main effect of Stimulus type [F(4,52) ϭ 30.20, P Ͻ 0.0001] and post hoc analyses confirmed previous results showing a significantly higher response to hands compared with that to whole bodies [t (13) ϭ 5.25, P Ͻ 0.002], body parts [t (13) ϭ 5.76, P Ͻ 0.001], tools [t (13) ϭ 5.61, P Ͻ 0.001], and chairs [t (13) ϭ 8.58, P Ͻ 0.0001]. Importantly, whole bodies and body parts were statistically indistinguishable when compared with each other (P ϭ 1) and versus tools (for both comparisons, P Ͼ 0.925). Interestingly, the two nonbiological stimuli showed different responses in left LOS: whereas tools were significantly higher than chairs [t (13) ϭ 5.35, P Ͻ 0.001], the latter were significantly inferior from baseline [t (13) ϭ Ϫ5.28, P Ͻ 0.0001] and significantly lower than that of all the other categories of stimuli (for all comparisons, P Ͻ 0.003).
Experiment 2
Questions arise as to the specific properties of the handpreferring region in the left LOS. More in particular: 1) is the left LOS specifically responsive to hands or more generally to visually similar subcategories of body parts (e.g., feet); 2) does the left LOS respond to the hand as a whole or to a single part of it (e.g., the fingers); and 3) does the left LOS respond to nonbiological stimuli that resemble the hand in terms of their function (e.g., robotic hands)? To answer these questions in experiment 2 we measured the neural response of left LOS to images of not only fingers, feet, robotic hands, but also body parts and hands (Fig. 3A) . Given the strong lateralization for the hand response, we focused our analyses in the left hemisphere and for each individual participant we first localized EBA and LOS in the left hemisphere as regions of interest using the main contrasts and data set of experiment 1 (hand contrast: hands vs. whole bodies, body parts, and chairs; body contrast: whole bodies and body parts vs. hands and chairs). The %BSC in individually defined left LOS and EBA underwent a 2 ϫ 5 ANOVA with ROI (left LOS and left EBA) and Stimulus type (hands, feet, fingers, robotic hands, and body parts; see Fig. 3A ) as within-subject factors. Results revealed a main effect of Stimulus type [F(4,48) ϭ 9.66, P Ͻ 0.0001], further qualified by an interaction between ROI ϫ Stimulus type [F(4,48) ϭ 30.15, P Ͻ 0.0001], indicating that the two regions responded differently to the stimuli (see Fig. 3, B and  C) . Within left EBA, activation for body parts did not differ from that for feet and human hands, but was significantly higher than that for fingers [t (12) ϭ 4.45, P Ͻ 0.01] and robotic hands [t (12) ϭ 4.30, P ϭ 0.01; see Fig. 3B ]. Conversely, within left LOS brain activity for human hands was significantly greater than that for body parts [t (12) ϭ 5.71, P ϭ 0.001], feet [t (12) ϭ 3.40, P Ͻ 0.05], and fingers [t (12) ϭ 3.54, P Ͻ 0.05] and, despite showing a tendency, did not significantly differ from that for robotic hands [t (12) ϭ 3.15, P ϭ 0.079] (see Fig.  3C ). For completeness, we repeated the analysis by localizing left LOS with the more conservative contrast of hand versus body parts. The %BSC for left LOS underwent a one-way repeated-measures ANOVA with Stimulus type (hands, feet, fingers, robotic hands, and body parts) as within-subjects factor. Results revealed a main effect of Stimulus type [F(4,48) ϭ 20.11, P Ͻ 0.0001], indicating that in the left LOS brain activity for human hands was significantly greater than that for body parts [t (12) In addition we tested whether, as found for hands, feet, and fingers may also activate a separate portion of the visual cortex. To do so, we compared feet versus body parts and fingers versus body parts using odd runs only. No significant activations were found for either contrasts at the chosen threshold (or at a more liberal one, for example, P ϭ 0.05, uncorrected for multiple comparison). We also performed the comparison at the level of single subjects. Significant activation in left lateral occipitotemporal cortex was found in 9 of 13 participants for the contrast feet versus body parts and in 12 of 13 participants for the contrast fingers versus body parts. However, %BSC in both areas suggested a lack of selectivity for both feet and fingers stimuli showing that there was no significant difference between feet and hands and between fingers and hands (see Supplemental text and Supplemental Fig. S2, A and B) . As expected, the contrast hands versus body parts again gave significant (P Ͻ 0.01) activation in left occipitotemporal cortex (Talairach coordinates: x ϭ Ϫ43, y ϭ Ϫ64, z ϭ 2).
D I S C U S S I O N
The present fMRI study provides evidence for a handpreferring region in the human extrastriate visual cortex. Handpreferring responses were strongest in left lateral occipitotemporal cortex. Two experiments demonstrated the functional preference of left LOS to hands relative to various control conditions, including feet and fingers, that share several features with hands (fingers are part of the hand and feet have five toes). The hand response was localized anterior and closely adjacent to non-hand body responses. Interestingly, contrary to EBA, the hand response in the LOS was strongly left lateralized. Indeed, all 14 participants showed a hand response in the left hemisphere, whereas only 6 participants showed a similar activation also in the right hemisphere. These findings are in line with previous evidence reporting the existence of 1) hand-selective cells in monkey IT (Desimone et al. 1984; Gross et al. 1969) , 2) handresponsive ERP sites in the human left temporal lobe (McCarthy et al. 1999) , and 3) hand versus torso specificity in the human visual cortex using fMRI (Op de Beeck et al. 2010) . Importantly, the present data provide the first evidence for a double dissociation in the lateral occipitotemporal cortex between the representations of a specific body part such as the hand in the left LOS (where activation for hands was higher than that for both whole bodies and body parts) and bodies in general in EBA (where activation for both whole body and body parts were higher than that for hands). Indeed, although previous work (Op de Beeck et al. 2010) showed higher activation for hands compared with that for torsos and faces in the lateral occipitotemporal cortex, it did not find significantly greater responses to torsos than to hands-a preferred response to torsos compared with that to hands was reported only in the right fusiform gyrus. The selective response to hands but not torsos is in agreement with our findings and suggests that hands, more than other body parts, could be overrepresented in the lateral occipitotemporal cortex.
What do our results suggest about the organization of body part representations in the human lateral occipitotemporal cortex? One possibility is that selective representations exist for some, or perhaps all, individual body parts, with the EBA being the collection of these separate representations. Alternatively, the hand, similar to the face, could be a "special" body part and distinctive among other body parts in eliciting selective responses in the human high-order visual cortex. Indeed, the way we interact with cospecifics and with the external world is continuously mediated by our hands, starting with learning how to intake food, following by pointing at objects to name them, continuing with learning how to count and write, and then developing into more complex abilities such as gesture communication and tool-use execution/understanding. In consideration of the special role played by hands in our daily experience it is therefore possible that hands, like faces, are overrepresented in visual cortex relative to other body parts. However, it should be pointed out that, despite the absence of a selective response to feet and fingers in the current study, we cannot rule out that a less conservative contrast (e.g., feet vs. chairs and fingers vs. chairs) would uncover such responses. Finally, future experiments using high-resolution fMRI (Schwarzlose et al. 2005) and fMRI adaptation will be useful to test for the existence of separate body part representations within EBA and the extrastriate visual cortex more generally.
Regardless of whether the hand response in left LOS is a unique functional region or should instead be considered a subregion of EBA, it clearly showed a distinct functional specialization in the present experiments. The left LOS, but not EBA, responded to non-human robotic hands and partially to nonbiological stimuli such as tools, but not to other objects such as chairs. This response profile may relate to recent findings suggesting a broader modulation of neural activity in visual areas from other modalities, such as semantics (Mahon et al. 2009 ), tactile information (Amedi et al. 2001; Burton et al. 2002) , and motor action (Astafiev et al. 2004) . In this respect, humans' unique manual abilities to manipulate external objects and tools might influence the information encoded within left LOS. The relevance of occipitotemporal regions in storing, not only visual object information, but also motion and associated action knowledge with it, gained support in a series of experiments by colleagues (2002, 2003) . These reports showed that although an area in the posterior part of the superior temporal sulcus (STS), anterior and superior to the motion area MT (Grossman and Blake 2002; Grossman et al. 2000) , responds to body-related form and motion, a region within the posterior middle temporal gyrus (MTG), anterior and inferior to MT, responds to tool-associated form and motion (Beauchamp et al. 2002 (Beauchamp et al. , 2003 . Interestingly, anterior to left LOS in the left MTG a selective response to tools has been widely reported (Chao et al. 1999; Valyear and Culham 2009; Valyear et al. 2007 ), but also see the results report by Downing and colleagues (2006) . A number of imaging studies support the role of left MTG in coding not only tool visual form but also conceptual knowledge and tool-associated actions (Binder et al. 2009; Devlin et al. 2002; Martin et al. 1995 Martin et al. , 1996 . In support of these findings, clinical studies (Tranel et al. 1997 (Tranel et al. , 2003 showed that lesions involving left MTG cause impairments in action knowledge associated with objects. In this respect, the observation that left LOS, but not EBA, responds to tools may reflect a coding of motion information of hand actions associated with tool use.
Interestingly, in contrast to the predominantly right hemispheric lateralization of other visual body and face selective regions, such as FBA (Peelen and Downing 2005) , FFA (Kanwisher et al. 1997) , OFA (Puce et al. 1996) , and EBA itself (Downing et al. 2001) , the hand response in LOS showed a strong left hemispheric lateralization. Neural mechanisms encoding hands being primarily lateralized in the hemisphere dominant for human praxis may symbolize an advantageous structural organization. Indeed, a left lateralized network would allow fast interhemispheric connections between brain regions in left occipitotemporal cortex representing hand visual form, hand motion, and tool actions, and left frontoparietal regions subserving planning and guidance of hand actions (Goodale and Milner 1992; Rizzolatti et al. 1998 ). In line with this, clinical studies report that, although left frontoparietal and parietal lesions frequently induce postural and spatial temporal errors in gesture imitation and object usage (Buxbaum and Saffran 2002; Haaland et al. 2000) , lesions within the left temporoparietal junction compromise the conceptual knowledge of the correct hand movements associated with a specific object (De Renzi and Lucchelli 1988 ). An interesting avenue for future research is to test the role of left LOS in the observation and execution of object-directed hand actions and how it is functionally connected with other regions implicated in these processes. Indeed, the body is not a passive entity but mediates our interaction with the external world. This bidirectional interactive experience is likely to be critical in modulating and shaping functional brain organization.
In conclusion, this report provides evidence for neural representation of the human hand in the left occipitotemporal cortex. EBA has generally been regarded as a uniform neural substrate dedicated to visual body processing. Our results indicate that segregated body-part representations may exist within lateral occipitotemporal cortex, with the hand possibly being overrepresented relative to other body parts. Future experiments are needed to address 1) the functional properties of the LOS hand response (e.g, the difference between hands in grasping and resting postures) and 2) how hand-preferring responses found within left LOS relate-functionally and anatomically-to other nearby functional areas encoding motion (MT; Tootell et al. 1995 
